Nucleobase pairing in expanded Watson-Crick-like genetic information systems.
To guide the design of alternative genetic systems, we measured melting temperatures of DNA duplexes containing matched and mismatched nucleobase pairs from natural and unnatural structures. The pairs were analyzed in terms of structural features, including nucleobase size, number of hydrogen bonds formed, the presence of uncompensated hydrogen bonding functional groups, the nature of the bond joining the nucleobase to the sugar, and nucleobase charge. The results suggest that stability of nucleobase pairs correlates with the number of H-bonds, size complementarity, the presence of uncompensated functional groups, and the presence of charge on a nucleobase. Each of these properties appear to be more significant than the nature of the glycosidic bond and sequence context. The results provide guidelines for constructing stable Watson-Crick like nucleobase pairs with unnatural nucleobases. The experiments also demonstrate that expanded genetic systems can be constructed using size complementary nucleobase pairs that contain three hydrogen bonds.